Effect of sugarcane biopolymer gel injected in rabbit vocal fold  by Leão, Rodrigo Augusto de Souza et al.








Effect of sugarcane biopolymer gel injected in rabbit vocal fold
Rodrigo Augusto de Souza Leãoa,b,*,Raquel Coelho de Assisc, Silvio da Silva Caldas Netoa,d, 
Mariana Montenegro de Melo Liraa,e,f, Silvio José de Vasconcelosd,b
a Universidade Federal de Pernambuco (UFPE), Recife, PE, Brazil
b Service in Otorhinolaryngology, Hospital Agamenom Magalhães, Recife, PE, Brazil
c Hospital Agamenon Magalhães, Recife, PE, Brazil
d Universidade de São Paulo (USP), São Paulo, SP, Brazil
e Universidade Estadual de Campinas (UNICAMP), Campinas, SP, Brazil
f Hospital das Clínicas, Universidade Federal de Pernambuco (UFPE), Recife, PE, Brazil 







Introduction: Alterations in the vocal folds that involve volume reduction and glottal closure 
failure result in exaggerated air escape during speech. For such situations, the use of implants 









repercussions suggests that the biopolymer in its gel form can be bioactive and preserve the 
normal vibratory function of the epithelium. 
Conclusion:HVKRZWKDWLQVSLWHRISURGXFLQJDQLQÁDPPDWRU\UHDFWLRQLQYRFDOIROGWLVVXHV
the material remained in vocal fold throughout the study period.
© 2014 Associação Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Published by Elsevier 






Comportamento do biopolímero da cana-de-açúcar em gel injetado em prega vocal de coelho
Resumo
Introdução: As alterações das pregas vocais que envolvem redução do seu volume e falha no fe-
chamento glótico causam um escape exagerado de ar durante a fonação. Para essas situações, 
tem sido proposta a utilização de implantes ou enxertos de materiais diversos. 
Objetivo'HÀQLURFRPSRUWDPHQWRGRELRSROtPHURGHFDQDGHDo~FDULPSODQWDGRQDVSUHJDV
vocais de coelhos. 
 
   Please cite this article as: Leão RAS, Assis RC, Caldas Neto SS, Lira MMM, Vasconcelos SJ. Effect os sugarcane biopolymer gel injected 
in rabbit vocal fold. Braz J Otorhinolaryngol. 2014;80:220-5. 
   * Corresponding author.
E-mail: rasl27@yahoo.com (R.A.S. Leão).
Effect of sugarcane biopolymer gel injected in rabbit vocal fold 221
Introduction
When affected by congenital or acquired anomalies the vo-
cal folds can upset glottal closure during phonation; in these 
circumstances the persistence of a glottal gap of variable 
size and shape of results in an exaggerated leak of exha-
OHGDLUZKLFKDOWHUVRUSUHYHQWVYRFDOIROGYLEUDWLRQDQGDO-
ters the voice.1-4 In these situations, the use of implants or 
grafts of different materials have  been proposed to increa-
se the affected vocal fold volume and thus improve glottal 
coaptation during phonation.5 
The choice and use of the ideal material depends on 
VHYHUDOIDFWRUVVXFKZKHWKHULWLVHDV\WRREWDLQTXDQWLW\
DYDLODEOHORZGRQRUPRUELGLW\LPPXQRJHQLFDQGPXWDJHQ-
ic characteristics, susceptibility to infection, malleability, 
absorption rate and cost.6
&XUUHQWO\WKHUHLVDJURZLQJLQWHUHVW LQWKHSURGXFWLRQ
WKURXJK IHUPHQWDWLRQ SURFHVVHV DV ZHOO DV WKH VFLHQWLÀF
and clinical use of polysaccharides obtained byusing mi-
croorganisms capable of converting certain substances into 
gels, viscous solutions or membranes (biopolymers).7 





the reconstruction of different tissues of the human body.9-15
No study had yet been performed to evaluate the possi-
bility of using sugarcane biopolymer (SCB) as graft material 
in the vocal folds.
Objectives
This study aimed to analyze tissue reaction 21 and 90 days 




This is a prospective randomized case-control experimental 
study.
A total of 12 adult male California rabbits, ranging 
LQ ZHLJKW IURP  NJ WR  NJ ZLWK JRRG QXWULWLRQDO 
VWDWXV DQGPHGLDQ ZHLJKW RI  NJ ZHUH VHOHFWHG 7KH
UDEELW ZDV FKRVHQ EHFDXVH WKH YRFDO IROGV RI UDEELWV DUH
similar to human vocal folds. The vivisection of the animals 
FRPSOLHGZLWK WKH UHTXLUHPHQWV RI )HGHUDO /DZ1R 
art. 32 and Decree No. 3179 art. 17 dated from 09/21/1999. 
The Ethics Committee on Animal Experimentation of the 
institution recommended full approval, under number 
23076.003670/2009-46.
6XUJLFDOSURFHGXUHVZHUHSHUIRUPHGXQGHUJHQHUDODQ-
HVWKHVLDZLWKRXW WUDFKHDO LQWXEDWLRQZLWK ODU\QJHDO H[SR-
VXUHRIUDEELWVE\RUDOURXWHXQGHUGLUHFWYLHZ2QHYRFDO
fold received an injection of 0.1 mL of SCB in gel form (1% 
SRO\VDFFKDULGHK\GURJHO7KHFRQWUDODWHUDOYRFDOIROGZDV
VXEPLWWHGWRWKHVDPHSURFHGXUHZLWKP/RIVDOLQHVROX-







21 days after the procedure (group I) and the second after 
90 days (group II).
7KH UDEELWV ZHUH HXWKDQL]HGZLWK DQ RYHUGRVH RI WKH
anesthetic drugs xylazine  and ketamine.
The choice of the vocal fold to be submitted to SCB im-
SODQWDWLRQ ZDV UDQGRPO\ DVVLJQHG EHIRUH WKH VXUJHU\ 7KH
ELRSRO\PHUZDV LQVHUWHGEHWZHHQWKHYRFDOPXVFOHDQGOD-
ryngeal cartilage (Fig. 1). The vocal fold submitted to saline 
Métodos: Trata-se de um estudo experimental. Avaliaram-se histologicamente as pregas vocais 
GHFRHOKRVLQMHWDGDVFRPELRSROtPHURGHFDQDGHDo~FDUHVROXomRÀVLROyJLFDDSyVHGLDV
Resultados)RLREVHUYDGDDSUHVHQoDGRELRSROtPHURUHDomRLQÁDPDWyULDOHYHDPRGHUDGDH




cussões epiteliais pode nos sugerir que o biopolímero em sua forma de gel pode ser bioativo e 
preservar as funções vibratórias normais do epitélio. 
Conclusão1HVWH WUDEDOKRPRVWUDPRV TXH DSHVDU GH SURGX]LU XPD UHDomR LQÁDPDWyULD QRV
tecidos das pregas vocais o material perdurou na prega vocal durante todo o período de estudo.
© 2014 Associação Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Publicado por Elsevier 
Editora Ltda. Todos os direitos reservados.
Figure 1 3KRWRPLFURVFRS\ RI UDEELW ULJKW YRFDO IROG  ZHHNV
after SCB implantation. Note the biopolymer deposits among 
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VROXWLRQLQMHFWLRQRQO\ZDVFRQVLGHUHGWKHFRQWUROYRFDOIROG
7ZRDQLPDOVGLHGWKHÀUVW LQWKH LPPHGLDWHSRVWRSHUDWLYH










tralateral vocal fold in the different study periods: 21 days 
(group I) and 90 days (group II) after the procedure.
$FRPSDUDWLYHVWXG\ZDVSHUIRUPHGIRUWKHSUHVHQFHRI
ÀEURVLV O\PSKRF\WLF LQÁDPPDWRU\ LQÀOWUDWH SRO\PRUSKR-
QXFOHDULQÀOWUDWHJLDQWFHOOSUHGRPLQDQFHFHOOW\SHVQHX-
trophils, mast cells, lymphocytes, plasma cells, eosinophils, 
DQGKLVWLRF\WHVSUHVHQFHRIELRSRO\PHUVFDOFLÀFDWLRQQH-
crosis and angiogenesis and thickness measurements in its 
JUHDWHVWZLGWKLQWKHYRFDOIROGZLWK6&%LQUHODWLRQWRWKH
control fold in both study periods.
The histological variables used for lymphomononuclear 
LQÁDPPDWRU\ LQÀOWUDWHZHUHDEVHQW JUDGH , RI
WKH DUHD RFFXSLHG E\ LQÁDPPDWRU\ FHOOV JUDGH ,, 
 JUDGH ,,, !  )RU SRO\PRUSKRQXFOHDU LQÁDPPD-
WRU\LQÀOWUDWHDEVHQWJUDGH,RIWKHDUHDRFFX-
SLHGE\LQÁDPPDWRU\FHOOVJUDGH,,DQGJUDGH,,, 





Rabbit Thickness Polymer LMNII PMNII GC Fibrosis Angiogenesis
1 2.2 + 1 0 13.4 1 1,5
2 3.1 + 2 Eos 1   1.7 0 3,9
4 4.0 + 2 Eos 3   2.6 1 3,7
5 4.0 + 1 0 13.6 1 3,4
10 2.2 + 1 0 64.0 0 2,0





Rabbit Thickness Polymer LMNII PMNII GC Fibrosis Angiogenesis
1 1.8 0 0 0 0 0 0
2 1.1 0 0 0 0 0 0
4 2.4 0 0 0 0 0 0
5 2.4 0 0 0 0 0 0
10 2.4 0 0 0 0 0 0











9RFDO IROG WKLFNQHVVZDVPHDVXUHG IURP WKH SRLQW RI
JUHDWHVWZLGWKRIWKHYRFDOIROGIURPWKHFDUWLODJHWRWKH
epithelial surface, using a ruler overlapping the lamina.




at the different valuated levels. To compare the quantita-
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When comparing group I (21 days) and group II (90 days) 
UHJDUGLQJ WKH SUHVHQFH RI ÀEURVLV LQ WKH YRFDO IROGVZLWK









Rabbit Thickness Polymer LMNII PMNII GC Fibrosis Angiogenesis
3 1.3 + 2 Eos 1 0.7 2 5.6
7 2.9 + 1 Eos 1 0.6 2 1.7
9 5.0 + 1 0 32.0 2 3.7
11 2.8 + 1 0 6.2 1 6.3
12 3.0 + 1 0 27.0 1 5.9





Rabbit Thickness Polymer LMNII PMNII GC Fibrosis Angiogenesis
3 1.2 0 0 0 0 0 0
7 2.0 0 0 0 0 0 0
9 1.9 0 0 0 0 0 0
11 1.4 0 0 0 0 0 0
12 1.2 0 0 0 0 0 0


























Group I, 21 days and Group II, 90 days. 
Significant for comparison. (Mann-Whitney U, WilcoxonTest).
Discussion
Vocal fold alterations that involve a reduction of volume 
and failure of glottal closure result in an exaggerated air 
HVFDSH GXULQJ VSHHFKZKLFKPDNHV WKH YRLFH H[FHVVLYHO\
breathy.
For some of these cases, surgical procedures resulting in 
an increase of the affected vocal fold volume to reduce the 
7KHUHZHUHQRHSLWKHOLDOOD\HUOHVLRQVLQWKHYRFDOIROGV
HYDOXDWHGE\PLFURVFRS\DVVKRZQLQ)LJ
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JORWWDOJDSPD\EHLQGLFDWHG+RZHYHUSODFLQJDPDWHULDO




To date, there has been no consensus in the literature 
regarding the type of material to be used in vocal folds. Sev-
HUDOPDWHULDOVKDYHEHHQWHVWHGLQFOXGLQJIDWZKLFKVHHPV
to be the most used in Brazil, mainly due to its prompt avail-
DELOLW\DQGORZFRVWDQGWKDWFDQEHLQVHUWHGWKURXJKDVXE-
mucosal pouch in the vocal fold under general anesthesia.10
Others, such as hydroxyapatite have had positive liter-
ature references but are expensive. One of the advantages 
RILQMHFWDEOHVXEVWDQFHVLVWKDWWKH\FDQEHDSSOLHGZLWKRXW
the need for general anesthesia, but this is not the case for 
K\GUR[\DSDWLWHIDVFLDDQGDUHRODUWLVVXHZKLFKQHHGWREH
introduced after the creation of a submucosal pouch in the 
vocal fold.5,6,11,16-18
The sugarcane biopolymer has been the subject of nu-
merous studies. Several studies have assessed its properties 
in different systems, such as the restoration of vascular and 
DEGRPLQDO ZDOOV DV ZHOO DV WKHPLGGOH HDU LQÁDPPDWRU\
response.9-15
The use of the SCB gel on the vocal folds has never been 
GHVFULEHG7KLVPDWHULDOZDVFKRVHQEHFDXVHLWLVLQMHFWDEOH
and meets certain criteria, such as the fact that it is easy to 
KDQGOHLWVELRFRPSDWLELOLW\ORZFRVWDQGORZSUREDELOLW\RI
LQIHFWLRQZKLFKPDNHVLWDJRRGFDQGLGDWHIRUFRUUHFWLRQRI
pathological vocal fold alterations.6,18
,Q RXU VWXG\ZH IRXQG DPLOG WRPRGHUDWH LQÁDPPD-
WRU\ UHVSRQVH LQERWKWHPSRUDOJURXSVRIYRFDO IROGVZLWK
6&%7KHUHZDVQRVLJQLÀFDQWLQÁDPPDWRU\UHDFWLRQFDXVHG
by the surgical procedure in the control vocal folds. Other 
VXEVWDQFHVVWXGLHGLQWKHOLWHUDWXUHVKRZHGVLPLODUUHVXOWV
LQUHODWLRQWRWKHLQÁDPPDWRU\UHVSRQVHEHWZHHQWKHFDVHV




UHVSRQVH LQ WKH VXUJLFDOZRXQG RI WKH FRQWURO YRFDO IROG
+RZHYHUWKHVXUJHU\SHUIRUPHGE\WKLVDXWKRULVGLIIHUHQW






our observations and in the literature using a  similar meth-
odology. In 2007, Perazzo et al.19 used a surgical technique 
similar to ours to inject hyaluronic acid in vocal folds of 
rabbits. This author obtained similar results to those of our 
VWXG\LQFRQWUROYRFDOIROGVLQZKLFKWKHLQMHFWLRQRIVDOLQH
VROXWLRQZDVXVHG:HREVHUYHGYLUWXDOO\QR LQÁDPPDWRU\
UHVSRQVH LQ WKH YRFDO IROGV LQMHFWHG ZLWK VDOLQH VROXWLRQ
+\DOXURQLFDFLGDVZHOODVWKH6&%FDQEHLQMHFWHGXQGHU
local anesthesia in humans, but it has a higher cost.




ÁDPPDWRU\ YDULDEOHV VWXGLHG 7KH LQÁDPPDWRU\ UHVSRQVH
EDVLFDOO\FRQVLVWHGRIO\PSKRPRQRQXFOHDULQÀOWUDWHRIPLOG
WRPRGHUDWH LQWHQVLW\ DQG VRPH UDEELWV VKRZHG SRO\PRU-
SKRQXFOHDULQÀOWUDWHZLWKHRVLQRSKLOSUHGRPLQDQFH




and their presence should be further studied, as the possi-
bility of contaminating substances such as dust used in sur-
gical gloves may have contributed to their appearance, as 
ZHOODVWKHIDFWWKDWWKHLQÀOWUDWLRQVLWHRUJHOIRUPXODWLRQ
PD\EHUHODWHGWRWKLVÀQGLQJ
7KH JHO 6&%LQGXFHG ÀEURJHQHVLV ZDV PLOG WR PRGHU-
DWHLQLQWHQVLW\7KHREVHUYHGSDWWHUQVKRZHGDSHULSKHUDO
SUHGRPLQDQFHZLWKDSSDUHQWIRUPDWLRQRIÀEURXVFDSVXOHV
6RPH VSHFLPHQV VXFK DV UDEELW  YRFDO IROG ZLWK 6&%
VKRZHG D QRGXODU DQG QRQKRPRJHQHRXV SDWWHUQ (YHQ LQ
FDVHVZKHUHWKHELRSRO\PHUORFDWLRQZDVPRUHVXSHUÀFLDO
WKHUHZDV QR DOWHUDWLRQV LQ WKH HSLWKHOLDO OD\HU RU 5HLQNH
VSDFH $V UHSRUWHG LQ WKH ZRUNV RI )OLQFN &20 Thibeault 
SL21,22 and Longaker MT23 the preservation of the subepithe-




gests that the gel biopolymer can be bioactive and preserve 
QRUPDOHSLWKHOLDOYLEUDWRU\IXQFWLRQ+RZHYHUWKHSUHVHQFH
RIDQ LQÁDPPDWRU\SURFHVV LQ WKHVXEHSLWKHOLDO OD\HUVPD\
suggest a change in the physical properties of Reinke space, 





elements that suggested good integration of the biopolymer 
ZLWKWLVVXHVVXFKDVWKHFRQVWDQWSUHVHQFHRIDQJLRJHQHVLV
DQG ÀEURXV FRUGV WKDW SDVVHG WKURXJK WKH ELRSRO\PHU %H-
FDXVHRIWKH6&%ELRLQWHJUDWLRQZLWKFHOOV LQYDGLQJ LWV LQ-
WLPDF\ LWZDVQRWSRVVLEOHWRHDVLO\ LGHQWLI\ LQWKHVWXGLHG
VOLGHVWKHSUHFLVHOLPLWVRIWKHPDWHULDOZLWKLQWKHYRFDOIROG
and sometimes the biopolymer seemed to be disseminated 
LQWRWKHWLVVXHZKLFKSUHYHQWHGWKHPHDVXUHPHQWRIWRWDO
area occupied by the SCB. For this reason, a more detailed 
analysis of the degree of biopolymer absorption has not been 
SRVVLEOH+RZHYHU VLQFHLWZDVPRUH GLIÀFXOW WR GHWHUPLQH




DVVHVVLQJ WKH LQFUHDVH LQ YROXPH 7KH ODU\QJHV ZHUH QRW




possible to compare the thickness of those that received 
6&%ZLWKWKHFRQWURORQHV
7KH YRFDO IROG LQFUHDVHZDV VLJQLÀFDQW DQG WKLV LV H[-
tremely important, as one of the main objectives of bioma-
terial injection in the vocal folds is precisely to increase its 
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complete absorbtion in the present study. The SCB remained 
present in all the injected vocal folds. During the macro-
VFRSLF DQDO\VLV WKH YRFDO IROG ZLWK 6&% ZDV VRPHWLPHV
HDVLO\LGHQWLÀHGE\WKHGLIIHUHQFHLQYROXPHFDXVHGE\WKH
presence of the biopolymer (Fig. 3).
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sues that persisted throughout the study period, injected 
SCB remained in the vocal fold after three months consi-
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